Genital infection with the intracellular sexually-transmitted pathogens Chlamydia trachomatis, herpesvirus hominis (HVH) and strains of human papovavirus (HPV) is becoming much more commonly diagnosed, and this probably represents a true and dramatic increase in prevalence. Such infections in women are often prolonged and asymptomatic, and may be associated with the development of infertility and premalignant and malignant change of the uterine cervix.
Infertility
It is generally accepted that C. trachomatis is a cause of salpingitis and pelvic inflammatory disease (PID), although wide variations in incidence are reported from various countries. Thus in the original series from Sweden, C. trachomatis was recovered from the fallopian tubes at laparoscopy in 30% of cases of PID (Mardh et al. 1977) ; in subsequent reports the incidence of tubal isolation ranged from 24% in France (Henry-Suchet et al. 1980) to nil in San Francisco (Sweet et al. 1980 ). This variation probably reflects the difference in the severity of the disease rather than a variation in the rate of chlamydial infection; women undergoing laparoscopy for pelvic inflammatory disease in Sweden would seem on average to be less ill than those in the USA. The Swedish group report that chlamydial salpingitis runs a benign course when compared with that of gonococcal salpingitis or non-chlamydial non-gonococcal salpingitis (Svensson et al. 1980) . This difference is also seen in laboratory infections in fallopian tube organ cultures. When such cultures are infected with chlamydia only mild damage occurs, compared with progressive destruction over a 7-10 day period when they are infected with N. gonorrhoeae, and the very rapid destruction when infected with anaerobic organisms (Taylor-Robinson et al. 1974 , Hare & Barnes 1979 .
Animal models of infection have been reported using the Grivet monkey (Ripa et al. 1979 ) and the pig-tailed macaque (Patton et al. 1982) ; in both species chlamydial salpingitis was apparently a self-limiting condition, although in the macaque an abnormal degree of deciliation was present after apparent resolution of the condition. However, similar experiments in mice resulted in hydrosalpinx formation (Schachter et al. 1982) .
These laboratory and animal experiments are concerned with infection with a pure strain of a single microorganism, but in nature secondary infection with other organisms is common. Thus Sweet et al. (1980) found ample serological evidence of chlamydial infection in their cases although C. trachomatis was not isolated in any case from the fallopian tubes, which were usually infected with bacteria. Westrom (1975) reviewed the effect of acute pelvic inflammatory disease on fertility. Overall 21.2% of these cases remained involuntarily childless 6-14 years after the attack; the corresponding figure for a matched control group was 3%. Chronic abdominal pain was present in 18% of cases as against 3% of the controls. In 33% of the infertile group mechanical blockage could be demonstrated in the fallopian tubes. The sequelae of nongonococcal infection appeared to be worse than those of gonococcal infection; taking into consideration women who had had one attack only, the infertility rates were 17% (nongonococcal) and 12% (gonococcal), and the tubal occlusion rates were 13% (non-'Paper read to Section of Comparative Medicine, I December 1982. Accepted 14 April 1983 gonococcal) and 5% (gonococcal). Predictably, the worse the appearance of the tubes on laparoscopy, the greater the risk of tubal occlusion. The ectopic pregnancy rate was also increased in the pelvic inflammatory disease group with an ectopic/intrauterine pregnancy ratio of 1: 24 for PID cases and 1: 147 for controls. Westrom's (1975) figures do not apply specifically to chlamydial salpingitis, and the nongonococcal category must contain some cases of bacterial infection. No long follow-up study of culture-proven chlamydial salpingitis is yet available, but indirect evidence can be obtained from antibody studies. Cevenini et al. (1982) reported a 90% incidence of significant antichlamydial antibody in women with obstructive infertility, compared with much lower incidences in other groups, and Gump et al. (1982) reported similar findings.
In most studies it is assumed that the 'chlamydial infertility' is due to occlusion or damage to the fallopian tubes consequent on previous infection. However Henry-Suchet et al. (1980) reported the isolation of C. trachomatis from active infection of the tubes in 26% of women with occlusive infertility, a higher isolation rate than from women with acute PID. Paavonen et al. (1979a) recovered C. trachomatis from the cervices of 10 of 51 women with nonocclusive infertility: this was over twice the incidence in the general population. Other workers have been unable to confirm these findings (Oriel & Ridgway 1982) , and treatment with an antichlamydial antibiotic does not benefit infertile couples (Harrison et al. 1975 ).
Premalignant and malignant change of the uterine cervix
Since the observations of Rigoni-Stern in 1842 it has been generally considered that cervical cancer behaves epidemiologically as a late consequence of a sexually-transmitted infection, being most common in women who by choice or force of circumstance lead sexually promiscuous lives, and virtually absent in certain enclosed orders of nuns. Squamous cell carcinoma of the cervix is usually preceded by a prolonged premalignant phase lasting many years. During this time the lesion is referred to as cervical intraepithelial neoplasia (CIN) and graded in severity from I to 3. As far as can be judged from old prospective studies and modem surveys using incidental findings, about a third of CIN3 lesions will eventually progress to invasion; further prospective studies to clarify this point would clearly be unethical.
There are many interlocking factors involved in the development of cervical cancer, and these are fully discussed in the Proceedings of the Ninth Study Group of the Royal College of Obstetricians and Gynaecologists . It seems very probable that sexuallytransmitted agents do play an important role in the initiation of these changes. Early work in this field concentrated on the possible relationship with Treponema pallidum and Trichomonas vaginalis but such associations are now considered unlikely, and current interest centres on the intracellular organisms which are the subject of this paper. The evidence supporting such hypotheses may be summarized as follows:
(1) parallels in human and animal medicine;
(2) evidence of past or active infection in cancer and CIN groups;
(3) evidence of premalignant or malignant change in infected patients; (4) evidence of fragments of infecting agents in premalignant or malignant tissue; (5) experimental studies in animals or laboratory cultures.
Parallels in animal and human medicine
It is acknowledged that herpesviruses produce tumours in animal species, examples being frog renal carcinoma, Marek's lymphoma of poultry, ileocaecal adenocarcinoma of hamsters, guinea pig leukaemia, and monkey lymphoma. It is also recognized that the Epstein-Barr virus is closely associated with the development of Burkitt's lymphoma in humans. Wart virus is known to be a cause of malignant tumours of the skin and other sites in many wild and domestic animals, for example rabbits, horses and cattle (Zur-Hausen 1977). In humans, wart virus has been reported to be associated with, and sometimes to precede, the development of carcinoma of the vulva, the penis, and the perianal area (Zur-Hausen 1977) .
Chlamydia trachomatis has not been linked with premalignant or malignant change at any other site.
Evidence of past or active infection in cancer and CIN groups Most evidence for the implication of HVH in the causation of CIN and cervical cancer comes from serological studies. Rawls et al. (1969) reported antibodies to HVH type II in 78% of women with invasive cancer, 35% of women with CIN3, 24% of women with CINI or CIN2, and in 22% of controls. Patterns of sexual behaviour were also found to be relevant, antibodies being found in the sera of 55% of prostitutes examined. Nahmias et al.
(1970a) reported more marked differences, especially for CIN3 (70% cases, 24% controls), and CINI and CIN2 (56% cases, 18% controls). Royston & Aurelian (1970) report similar figures, and stress that women with cancer at other sites do not have raised antibody levels. These three studies are all from the USA, but similar results have been reported from Belgium (Sprecher-Goldberger et al. 1973) and Denmark (Vestergaard et al. 1972 ). However, agreement is not universal: Paavonen et al. (1979b) reporting from Finland found a higher incidence of antibodies to HVH2 in control patients than in patients with CIN.
Serological evidence is also available concerning chlamydial involvement. Schachter et al. (1975) found considerably higher levels of antichlamydial antibodies in women with CIN and in women attending a women's clinic than in those attending the routine cancer screening clinics in the USA, and Paavonen et al. (1979b) reported similar results from Finland. There are no antibody studies on HPV involvement.
Attempts have been made to culture HVH2 and C. trachomatis from CIN and cervical cancer. Schachter et al. (1975) isolated HVH2 from 1.2% of women attending a dysplasia clinic, from 1.1% attending a women's clinic, from 0.5% of pregnant women, and from none of 127 women attending a cancer screening clinic. Aurelian (1973) isolated HVH2 from a degenerated cervical cancer, but similar isolations have not been reported by other workers. Recently Elgin et al. (1982) were able to isolate HVH after reactivation from uterosacral ligaments of 5 of 10 women undergoing radical hysterectomy for invasive cervical cancer.
Isolation rates for C. trachomatis are usually higher. Schachter et al. (1975) isolated the agent from 4.1% of women attending a dysplasia (CIN) clinic compared with only 0.8% of those attending a cancer screening clinic. Paavonen et al. (1979b) isolated C. trachomatis from 17% of women with CIN and 25% of those with invasive cancer. Hare et al. (1982) reported isolation rates of 8% from women with CIN and 18% from women with invasive cancer, compared with 1% in a control group.
Cytological and histological evidence of infection may also be found in cases of CIN and cancer. Lymphoid follicle formation in the cervix has been shown to be related to C. trachomatis infection (Hare et al. 1981) , and in subsequent work these follicles were reported to occur very commonly in association with CIN (Hare et al 1982) .
Wart virus has also been identified frequently in CIN, and has resulted in considerable diagnostic confusion. Laverty et al. (1978) from Australia described two such cases where a diagnosis was changed from CIN to wart virus infection. Syrjanen et al. (1981) from Finland reviewed smears from 272 women thought to have CIN or invasive cervical cancer and found evidence of wart virus involvement in 20-33% of the total. The incidence of this finding decreased with the ascending age of the women, but not with the severity of the condition. They thought it noteworthy that no cytological evidence of herpesvirus infection could be found. Ludwig et al. (1981) from the USA reviewed biopsies from 675 women. In 230 cases of CIN, 35.7% of the biopsies contained evidence of HPV infection and this was commoner at the mild end of the spectrum (50%) than the more severe (32%). Reid et al. (1982) from the USA, reported that evidence of wart virus infection was present in 38 of 40 hysterectomy specimens from women with invasive cancer, 35 of 40 cases with CIN, but only 10 of 80 matched controls.
Evidence ofpremalignant or malignant change in infected patients Naib et al. (1969) from the USA, reported that 22% of their patients with active or recent herpetic infection of the cervix had CIN of varying degrees and 1.6% had invasive cancer. This is contrasted with an incidence of CIN of 1.6% in a control group. Naib (1970) looked at recent cervical smears from women whose newborn babies had developed chlamydial ophthalmia; some degree of squamous cell atypia was present in 22 smears (40%) although only one woman had a cone biopsy. Gupta et al. (1979) from the USA noted epithelial atypia in 16 of 160 women with cervical chlamydial infection. Carr et al. (1979) from the USA, using local antibody tests, reported that 11 of 15 patients with evidence of chlamydial infection had abnormal Papanicolaou smears in contrast to 3 of 18 without such antibodies. In some cases treatment with tetracyline provoked a disappearance of antichlamydial antibodies and an improvement in the cervical smear. This apparently beneficial response of CIN to tetracycline had previously been noted by Ayre (1952) and Jordan et al. (1964) . Cevenini et al. (1981) from Italy found a significantly higher incidence of histological dysplasia in women with glandular ectopia who had antichlamydial antibodies than in those without. In a recent study from the USA Paavonen et al. (1982) found CIN in 10 of 41 women with chlamydial cervicitis, but in only 1 of 41 women with non-chlamydial cervicitis. Woodruff & Peterson (1958) reviewed past reports of cervical condylomata, and added 39 cases of their own. They conclude that malignant and premalignant change is a rare finding, although confusing pictures are seen. Ludwig et al. (1981) biopsied 150 cases of cervical condylomata; 54.7% also showed evidence of CIN, mostly CIN3. Meisels et al. (1977) report that features of HPV are seen on 1.2% of all cervical smears, and of these 8.4% also show abnormalities suggestive of CIN. They report worsening of the degree of CIN over an 18-month period in 9.1% of cases.
This question of likelihood of progression is crucial, and Richart & Crum (1982) point out that condylomata of conventional appearance have a diploid or polyploid chromosomal make-up, whereas lesions which progress to invasive cancer are virtually always aneuploid. However, the practical experience of Boon & Fox (1981) indicates that women with cervical condylomata are at risk; in a matched study to determine if wart-associated CIN did progress to invasion, the only case of invasive cancer was in the wart-associated group.
Evidence offragments of infecting agents in premalignant or malignant tissue Faced with the strong serological evidence for a role for HVH2 in CIN and cancer, but general failure to identify the whole organism in abnormal tissue, most investigators have moved towards the identification of HVH-coded material in such tissue. Dreesman et al. (1980) reported positive results in immunoperoxidase tests on biopsies of both CIN and squamous cell carcinoma using specific antisera to various HVH2 coded polypeptides. McDougall et al. (1980) demonstrated HVH-specific RNA in CIN, using in situ hybridization of radiolabelled HVH2 DNA to RNA transcripts in tissue sections. Elgin et al. (1982) have reported similar experiments, and claim to identify HVH2 in 72% of cases of CIN, 60% of invasive squamous cell cervical cancer, but in only 2% of specimens of non neoplastic cervical epithelium, and 1 of 11 cases of adenocarcinoma of the cervix.
Experimental studies Sarcomas can be produced in hamsters by direct inoculation of HVH2 (Nahmias et al. 1970) , and by inoculation of hamster embryo fibroblasts after exposure to ultraviolet irradiated HVH2 (Duff & Rapp 1971) . Munor (1973) claimed to induce cervical carcinoma in mice with HVH2 but the numbers reported were small. More recently Wentz et al. (1981) reported a high incidence of CIN and invasive cancer in mice treated with formalininactivated HVH1 and HVH2, and ultraviolet light-inactivated HVH2. Fish et al. (1982) reported similar findings, and stress the importance of sperm factors as possible cocarcinogens.
